A midst an increasingly difficult health care economy, hospital lengths of stay for people with stroke have declined, 1,2 which affects the intensity of their rehabilitation. This scenario compels clinicians and scientists to be creative in finding ways to promote better quality of life for these individuals, which, in terms of walking, would include safety, speed, and energy expenditure. As communication technology has advanced, a new method of rehabilitation is emerging that may allow rehabilitative training to continue remotely following discharge from acute care. This method is called telerehabilitation, 3 defined here as therapy from a distance directed by a computer and telecommunication. A variety of studies exploring telerehabilitation in people with stroke have shown value for improving upper-limb function, [3] [4] [5] [6] [7] [8] and lower-limb function. 9 -11 None of these studies has explored whether telerehabilitation can improve the range of ankle dorsiflexion (DF) during the swing phase of gait, which is commonly impaired after stroke 12 and can lead to increased tripping potential 13 and energy expenditure. 14 Thus, the first objective of this study was to explore the feasibility of using telerehabilitation to improve ankle DF during the swing phase of gait in people with stroke.
This study also explored an important topic related to the structuring of the telerehabilitation sessions (ie, complex versus simple movement training). Research suggests that complex task training has advantages over simple task training. In rodents, Kleim et al 15 showed that rats undergoing repetitive movement training on a complex reaching task demonstrated greater functional and structural plasticity of relevant cortical regions compared with animals undergoing training on a simple reaching task. In primates, 2 combined studies 16, 17 have shown that repetitive training on a complex manual task produced functional reorganization of cortical maps, whereas repetitive training on a simple manual task did not. In humans who were healthy, Pascual-Leone et al 18 showed that repetitive training on a complex piano task demonstrated greater motor learning and changes in cortical excitability than repetitive training on a simple piano task. Accordingly, our second objective was to compare the effects of movement complexity in 2 telerehabilitation training strategies: (1) repetitive, complex movements (tracking) of the ankle, requiring temporospatial processing to achieve accuracy, versus (2) repetitive simple movements of the ankle, requiring no attention to accuracy. We hypothesized that complex movements would yield greater improvements in ankle DF during gait than simple movements and that a different pattern of brain reorganization would emerge between the 2 training forms.
Method Design Overview
This study was a pilot randomized controlled clinical trial comparing 2 treatment strategies: complex movement training and simple movement training.
Setting and Participants
Nineteen participants were assigned randomly to either a track group or a move group. Sixteen participants, 8 in each group, completed the study (Fig. 1) . Inclusion criteria included poststroke duration of at least 5 months, at least 10 degrees of active dorsiflexion/plantar flexion (DF/PF) at the paretic ankle, ability to understand the tasks, and ability to ambulate 30 m. Exclusion criteria included indwelling devices incompatible with magnetic resonance imaging and currently receiving therapy. The Table summarizes the demographics of each group. All participants signed a statement of informed consent.
Participant Orientation to Telerehabilitation
Before enrollment, a randomization listing of the 2 interventions was generated electronically. As participants enrolled in the study, they were assigned to the next intervention on the randomized list: track group or move group. This assignment occurred at the end of the pretest visit. Next, the investigator responsible for training modified the laptop computer (Dell VOSTRO 1,000, Round Rock, Texas) with the customized training software so that the proper program (track versus move) would be started automatically after pressing the power button. Then, the participant and a family member were oriented in how to set up the computer/camera and apply the customized electrogoniometer with an attached potentiometer (ETI Systems Inc, Carlsbad, California) to the paretic ankle. Several training trials then were observed to ensure that the participant could follow the procedures before being dismissed to repeat the setup at home. Figure 2 (left panel) shows the home setup for a participant in the track group.
Training: Track Group
After pressing the power button on the computer, the participant then followed prompts to record the active DF/PF range, which was used to set the amplitudes for the tracking waveforms. The electrogoniometer captured the movements of DF/PF only; inversion/eversion movements were not investigated in this initial study.
The program involved 60 training blocks per day, with 3 trials per block, for 20 days for a total of 3,600 trials. This dosage of training doubled the amount in our earlier telerehabilitation study. 4 Participants Ankle Movement Training in Stroke Using Telerehabilitation selected their own daily schedule, but the program limited the participant to no more than the 180 trials per day to capitalize on offline consolidation processes occurring with sleep and the passage of time. 19 To continually challenge participants, the 60 training blocks per day were randomly ordered from a host set of 100 blocks. Blocks varied across multiple parameters. Target waveforms included square, left sawtooth, right sawtooth, triangle, and sine. Frequencies were 0.2, 0.25, 0.6, and 1 Hz. Trial durations were 5, 10, 15, and 20 seconds. Thus, the number of movement cycles (repetitions) of DF/PF in a trial varied according to the waveform frequency and duration. For example, a 0.6-Hz waveform during a 10-second trial would generate 6 DF/PF movement repetitions. The PF amplitude (lower peaks) was set at 0%, 15%, 30%, 50%, or 85% of full range (0%ϭfull PF) and the DF amplitude (upper peaks) was set at 50%, 70%, 85%, 100%, 110%, 120%, or 125% of full range (100%ϭfull DF). The conditions of 110%, 120%, and 125% were included to promote further DF range. Because "attention" to the joint being trained has been shown to be important in stimulating brain reorganization, 20 the training required that participants pay close attention to the task and occasionally problemsolve spatial conflict blocks. These blocks included a stimulus-response (S-R) noncompatibility condition in which upward DF movement produced downward cursor movement on the computer screen. Such noncompatibile spatial processing has been shown to be a potent factor influencing cortical excitability in primates. 21 by the computer screen, varied between sitting (60% of training blocks) with the knee flexed or extended or standing (40% of training blocks) on the paretic or nonparetic leg.
During a trial, the cursor swept automatically from left to right across the screen at a constant rate while the participant adjusted the vertical position of the cursor to track the target as accurately as possible with DF/PF movements. At the end of a trial, a pause occurred for a time equal to the duration of the preceding trial.
Knowledge of results (KR) 22 was provided at the end of each trial for the track group, with a computercalculated score modified from the accuracy index (AI) described earlier. 23 This modification was done so that participants would not experience any negative scores in describing their performance. Although Anderson et al 24 found better retention of motor skill in participants who were healthy with a less frequent schedule of KR, we could not be certain that a reduced or faded feedback schedule would apply similarly for people with stroke. Thus, we chose to give KR after every trial because preliminary field testing on people with stroke indicated that they enjoyed competing with themselves for higher scores, and we believed this competition would help to keep our participants motivated as they trained independently at home.
Teleconferencing between the participant and the therapist occurred to reinforce human interaction and the therapeutic relationship (Fig. 2 , right panel). A remote desktop application (LogMeIn) and a video confer- 
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encing application (Skype, Skype Ltd, Luxembourg, Belgium) were used for the communication, along with webcams (Logitech Webcam C905). The Internet connection was made using a cellular modem (USB720, Verizon Wireless, Verizon, New York, New York) communicating with a cellular phone network (Verizon). The therapist contacted the participant 2 times per week. In addition, the participant's computer automatically e-mailed daily performance records to the laboratory computer, allowing the therapist to monitor compliance.
Training: Move Group
The move group followed the same setup procedures. As much as possible, the dosing of the training was matched between groups. That is, both groups completed the same number of training blocks, training position within each block, number of trials per block, duration per trial, and number of telecommunication sessions. The main difference in conditions between groups was that the track group saw the command "track" on their computer screen along with the target waveform and their tracking response, whereas the move group saw only the command "move" with no target, no response line and no KR at the end of each trial. The move group was instructed at orientation to produce repetitive DF/PF movements through their full range at a comfortable, selfselected frequency. Although the participants could not see their movement record, investigators could see and confirm the movement through the performance files that the participant's computer automatically e-mailed to our laboratory regularly and through the telecommunication sessions.
We did not control for movement amplitude or frequency (ie, number of DF/PF movements per trial) in the move group, as we did for the track group, to eliminate the cognitive processing associated with producing complex movements, which formed the basis of our second objective. However, we did estimate the frequency in each group across all trials through an algorithm that analyzed the data after they were collected and counted the mean number of cursor band-crossings. For the track group, the band was the middle third of the ankle motion required to track each target. For the move group, it was the middle third of their full ankle motion. Then, for each trial, the algorithm counted the times that the cursor crossed the full band (ie, either the minimum band value followed by the maximum band value or vice versa). The algorithm also calculated the mean peakto-peak DF/PF amplitude within each training trial. We deemed this analysis to be important to rule out amplitude and frequency of movement as possible confounders, as described further in the "Discussion" section.
Outcome Measures
As this was a pilot study exploring the feasibility of using telerehabilitation in stroke, our measurement points occurred at pretest and posttest. We did not include a follow-up test. The testers were blinded as to the treatment group for each participant.
Gait assessment. Quantitative gait kinematic parameters were measured using surface markers and an 8-camera motion capture system (Vicon Inc, Los Angeles, California). A modified Helen Hayes marker arrangement was captured by the 4 megapixel cameras and analyzed using the dynamic Plug-in-Gait model for kinematic results. Lower-extremity retroreflective markers were affixed using the Helen Hayes convention 25 and International Society of Biomechanics joint coordinate system descriptions. 26 Participants were instructed to ambulate at their selfselected speed without wearing an ankle-foot orthosis (AFO). The 3-dimensional (3D) marker data were sampled at 120 Hz, smoothed with a forward/backward fourth-order lowpass Butterworth filter, and used to reconstruct limb segment motion and joint angle kinematics. Ten full gait cycles with complete data were Left panel: Training at home for a participant in the track group. The training system consisted of a laptop computer (A) (in this instance, showing 1:17 min/s into a participant-selected pause from tracking), an ankle electrogoniometer brace (B), a web camera (C), a single-button control box (in participant's hands, not shown), and a wireless modem (D). Right panel: Telecommunication setup at therapist's location. The therapist could see the participant's tracking performance in one window. Simultaneously in another window, with the participant's camera directed on the ankle, the therapist also could see the actual ankle movement. With the therapist's camera directed on the therapist, the participant could see the therapist. Audio was transmitted in both directions.
analyzed with ensemble averaging for each pretest and posttest.
We analyzed ankle DF/PF angle, toe clearance, gait temporal symmetry ratio (GTSR), and stride length. These metrics have been shown to be critical for both predicting the risk of falls 27,28 and the improvement of energy expenditure in patients with stroke. 29 -32 Maximum DF and PF were the peak and trough points of ankle angle during the swing phase, and toe clearance was defined as the minimum vertical displacement of the great toe during the swing phase. 27 The GTSR, defined below, quantified the ratio of time spent in each phase of gait for each limb, with a value of 1.0 representing healthy symmetric gait. 29 
GTSR ϭ

Paretic Swing Time/ Paretic Stance Time Nonparetic Swing Time/ Nonparetic Stance Time
Ten-meter walk tests. Participants performed 2 trials of a 10-m walk at their self-selected ("comfortable") speed and then 2 trials at maximum speed. If participants normally used a cane and AFO, they were allowed to use the cane, but not their AFO.
fMRI. Functional magnetic resonance imaging (fMRI) occurred inside a 3-Tesla magnet (Magnetom Trio, Siemens, Munich, Germany). The task for both groups consisted of alternating phases of rest and paretic ankle DF/PF tracking. Electrogoniometers were attached to the paretic ankle to perform the tracking and to the nonparetic ankle to monitor for mirror movements. Data from participants who showed mirror movements or head movements greater than 3 mm were not included in the fMRI analysis. The possibility of mirror muscle activations below the threshold for producing movement is a limitation.
The functional task during fMRI consisted of seven 1-minute phases alternating between rest (4 phases) and track (3 phases) conditions. For all phases, the computer displayed a random sine wave target (0.4 Hz) along with the corresponding prompt, "Rest" or "Track," at the bottom of the screen. The lower (PF) peaks were set at 15% of the participant's predetermined ankle active range of motion, with the participant's full DF defined as 100%. The upper (DF) peaks were set at 85%. For each track phase, the cursor swept from left to right across the screen and the participant attempted to track the target as accurately as possible with careful DF/PF movements. For each rest phase, the participant watched the cursor sweep across the screen but executed no ankle movements. Two 10-second practice trials occurred inside the magnet. Tracking accuracy was quantified with an AI. 23 The maximum score is 100%.
Anatomical and functional images were acquired using a whole-body 3-Tesla magnet (Magnetom Trio, Siemens) equipped with a standard 12-channel head coil. A highresolution (1-mm 3 ), longitudinal relaxation time (T1)-weighted, 3D anatomical image data set (3D FLASH, repetition time [TR]ϭ20 milliseconds, flip angle [FA]ϭ30°, total acquisition timeϭ5:00 minutes) was acquired over the entire brain to identify appropriate landmarks and serve as a template upon which functional images would be overlaid. Functional images were obtained while the participant performed the tracking test described above and consisted of T2*-weighted functional magnetic resonance images of the blood oxygen level-dependent (BOLD) signal with a slice thickness of 3 mm, which were obtained in the transverse plane using a gradient echo planar imaging sequence (echo time [TE]ϭ30 milliseconds, TRϭ3,000 milliseconds, FAϭ80°, field of viewϭ192 ϫ 192 mm with a matrix size of 64 ϫ 64 leading to a resolution of 3 ϫ 3 ϫ 3 mm). The total imaged volume extended from the superior pole of the cortex to a depth of 108 mm in 36 interleaved slices. A block fMRI design was used whereby 145 magnetic resonance scans were acquired, for a total scan time of 7:15 minutes, which covered the time for all the alternating rest/ track phases.
Brain Voyager (Brain Innovation BV, Maastricht, the Netherlands) software was used for fMRI data preprocessing and analysis. Functional images were preprocessed to correct for head motion artifacts, differences in slice scan time acquisition, and temporal linear trends. The 3D functional volume was aligned with the corresponding 3D anatomical volume, and both were normalized to standard Talairach space. 33 For each participant, regions of interest (ROIs) were drawn manually on anatomical images in each hemisphere for the primary motor area (M1), primary somatosensory area (S1), premotor cortex (PMC), and supplementary motor area (SMA) according to specified landmarks 34 (Fig. 3) . We used a general linear model (GLM) with 7 predictors to record the active voxel count (volume) and the average BOLD signal intensity, calculated as the average t statistic of the difference between the paretic ankle tracking and rest conditions for each participant in specified ROIs. One predictor was the track condition. Three predictors accounted for translational movement of the head in sagittal, coronal, and transverse planes, and the remaining 3 predictors accounted for rotational movement in the same 3 planes. These last 6 predictors
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were entered as covariates in the model and served to exclude the effect of any movement artifact in the variability of BOLD signal. The GLM analysis created an activation map showing active voxels with significantly different signal intensity between paretic ankle tracking and rest using a false discovery rate (FDR) of q (FDR)Ͻ0.01. 35 For each ROI, the number (volume) of active voxels, percentage of total ROI voxels (% volume), and average signal intensity of active voxels was recorded. Also, the volume and intensity were compared between hemispheres for each ROI by using the laterality index (LI) 36 calculated as:
Data Analysis
For data sets that were normally distributed (ie, AI), we used paired t tests to evaluate within-group differences from pretest to posttest and 2-sample t tests for between-group differences. For data sets that were not normally distributed (ie, DF, toe clearance, GTSR, stride length, 10-m walk speed, and fMRI variables), we used Wilcoxon signed rank tests to evaluate within-group differences and Wilcoxon rank sum tests for between-group differences. We also were interested in the number of participants (ie, frequency count) showing an increase or a decrease in each fMRI variable from pretest to posttest. We analyzed for a difference in these frequency counts between groups using the Fisher exact test. No adjustments to the significance level were made for the multiple comparisons because of small sample size. Accordingly, significant results should be considered with caution for possible spurious effects stemming from multiple comparisons. Beyond analyzing the testing data, we also analyzed all participants' training data to compute the mean number of movement repetitions per training trial and the mean peak-to-peak amplitude of movement. The alpha level was set at PϽ.05 (2-tailed). All analyses were conducted using SAS statistical software (version 9.2, 2008, SAS Institute, Cary, North Carolina).
Role of the Funding Source
This project was funded by the following National Institutes of Health grants:
R03HD051615, P41 RR008079, and M01-RR00400. No US federal agencies provided funding for this study. The funding source had no involvement in the design, conduct, or reporting of information.
Results
Behavioral Outcomes
The data for the dependent measures below (except AI) were not normally distributed. Thus, we used the median (50th percentile) to describe the central tendency and the 1st quartile (Q1 or 25th percentile) and 3rd quartile (Q3 or 75th percentile) to describe the variability of the distribution. The primary outcome measure (ie, the paretic ankle DF during the swing phase of gait) showed a significant within-group increase in the median (Q1, Q3) from pretest at 6. 75 (4.84, 8.99) (Fig. 4A) . Furthermore, whereas the betweengroup difference in DF at pretest was nonsignificant, the between-group difference in change in DF from pretest to posttest was significant (Pϭ.017), favoring the track group, Toe clearance exhibited a trend toward a median increase in the track group (Pϭ.055), whereas the move group showed no change (Fig. 4B) . Also important, the average variance of toe clearance in the track group decreased from 0.48 mm at pretest to 0.29 mm at posttest (Pϭ.014), whereas in the move group it decreased from 0.47 to 0.34 mm (Pϭ.082). Median GTSR showed a significant decrease toward 1.0 in both the track (Pϭ.008) and move (Pϭ.008) groups (Fig. 4C) , indicating improved symmetry between the paretic and nonparetic limbs. Median stride length increased significantly in both the track (Pϭ.008) and move (Pϭ.016) groups (Fig. 4D) . Except for DF, as noted above, there were no statistically significant between-group differences. The mean (SE) AI for the track group at pretest was 18.95% (7.35), increasing to 39.92% (Ϯ6.80) at posttest, and this change was significant (Pϭ.041). The move group also improved from 34.37% (14.10) at pretest to 53.78% (7.20) at posttest.
Although the magnitude of improvement was equivalent to that of the track group, the variance was higher in the move group and so this change was not significant. All of the tracking scores are considerably less than those reported by LaPointe et al 37 for young men [72.0% (Ϯ2.49)] and women [73.6% (Ϯ1.54)] who were healthy using the same tracking protocol, which confirms the impaired ankle function in the current participants.
The mean (SD) number of movement repetitions per trial for the 3,600 training trials in the track group was 7.64 (1.36) compared with 11.61 (2.80) for the move group (Pϭ.003). The peak-to-peak amplitude of DF/PF movements averaged 89.79 (0.69) degrees for the track group and 93.62 (1.25) for the move group (Pϭ.018).
fMRI
The fMRI data for 2 participants in the track group were excluded because of excessive head motion. Also, several ROIs for some participants in both groups showed no active voxels at the specified threshold for activation, resulting in reduced sample sizes for signal intensity data of 4 to 6 for the track group and 6 to 8 for the move group. Because of the low sample sizes, only between-group analysis on median change from pretest to posttest was done on volume, percent volume, and signal intensity.
None of the ROIs showed a significant median change in these measures (eFig. 1, available at ptjournal. apta.org). However, trends toward between-group differences in median change from pretest to posttest were observed for contralesional M1 vol- 
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ume (Pϭ.067), contralesional M1% volume (Pϭ.077), ipsilesional S1 intensity (Pϭ.055), and contralesional PMC volume (Pϭ.067). For each of these trends, the track group showed decreased values from pretest to posttest, whereas the move group showed increased values. A conspicuous pattern in the change of cortical activation from pretest to posttest between the 2 groups is shown in eFigure 1. Close inspection reveals that, for the track group, the direction of change for the median values of the fMRI variables nearly always showed decreases from pretest to posttest, whereas the move group nearly always showed increases. Of the 8 volume and the 8 percent volume measures (2 sides ϫ 4 ROIs), all but one showed a median increase in the move group, whereas all values showed a median decrease in the track group (Fisher exact test, Pϭ.0014). For the 8 intensity measures, 7 of 8 showed a median increase in the move group, whereas 7 of 8 showed a median decrease in the track group (Fisher exact test, Pϭ.01). Figure 5 demonstrates these changes in the cortical activation from pretest to posttest for one participant from each group.
Regarding laterality, the only significant between-group difference in the change from pretest to posttest was for the PMC in LI %Volume , which increased (shifted toward ipsilesional activation) in the track group and decreased (shifted toward contralesional activation) in the move group (Pϭ.039) (eFig. 2, available at ptjournal.apta.org). For LI volume , there were no significant betweengroup differences; however, PMC demonstrated a trend (Pϭ.053) toward a difference in the same direction as LI %Volume . The LI Intensity showed no significant changes or trends.
Training Adherence and Participant Feedback
Of the 19 participants who enrolled, 16 finished all the training trials, which were confirmed by data files automatically sent to the therapist daily from the participant's training computer. Three participants, 1 from the move group and 2 from the track group, dropped out of the study, citing fatigue during training as the reason. Beyond the report of fatigue in these 3 participants, there were no other adverse events.
Overall, participant feedback at the completion of the study was very favorable for telerehabilitation. The difficulty most frequently reported was donning the electrogoniometer; some participants required partial assistance from the primary caregiver, particularly at the beginning and less so toward the end. The teleconferencing connection was generally successful in allowing 2-way video and audio communication; however, for 4 participants the wireless signal was inadequate in their homes. In these cases, telephones were used for audio communication and data were retrieved from the computer's hard drive after they finished the training.
Discussion
The important findings of this study were that: (1) telerehabilitation to improve ankle dorsiflexion was feasible for people with chronic stroke, and (2) complex movement training (track group) produced greater improvement in ankle DF during the swing phase of gait than simple movement training (move group).
As described further below, we believe that the cognitive processing during the complex movement training of the track group was responsible for the greater improvement in the track group. However, potential confounders did exist. Greater cortical activation is associated with higher frequency movements 38 -40 and higher amplitude movements, 41 but it was impossible for us to control these 2 factors in the training movements of the move group without giving them guiding feedback. They were instructed during orientation to produce repetitive DF/PF movements at a comfortable rate using their full range of motion. However, they could have selfselected a lower number of repetitions and lower amplitude of DF/PF movements within each training trial than what the training software directed for the track group. Thus, the greater improvement in DF during the swing phase of gait in the track group could have stemmed from either their cognitive processing of complex movements or greater cortical activation associated with greater repetitions and amplitude of their DF/PF movements within each training trial compared with the move group. We found that the move group produced more repetitions and amplitude of training movements per trial, indicating that the possible confounder did not materialize.
Another possible confounder was the difference in duration of stroke between groups (Table) . However, as recovery potential is generally considered to be stronger early after stroke rather than later, we believe it is doubtful that the longer duration of stroke in the track group could account for their greater improvement in dorsiflexion compared with the move group.
We speculate that the larger increase in DF in the track group may stem from more focused cortical activation, involving an overall reduction in cortical activation and shifting toward the ipsilesional hemisphere. 42 In our study, although the magnitude of volume, percent volume, and intensity values for the track group failed to show significant within-group decreases, the significant finding was that the direction of change for the median values of these variables showed a decrease for nearly all the ROIs for this group, compared with the increases observed for nearly all the ROIs in the move group. Thus, although the magnitude of individual fMRI changes may have been subtle, the direction of change (ie, decreased activation plus a shift toward the ipsilesional hemisphere) may be important and is consistent with other reports extolling the value of focused cortical activation. 43, 44 The mechanism by which cognitive processing of a complex movement Cortical activation at one coronal slice (YϭϪ30) and 3 transverse slices (Zϭ65, 60, and 55) for one participant in move group with right hemisphere stroke tracking with paretic left ankle and one participant in track group with left hemisphere stroke tracking with paretic right ankle. Change from pretest to posttest shows reduction in activation with greater focus to the ipsilesional hemisphere in the track group participant compared with the move group participant. Rϭright, Lϭleft. FDRϭfalse discovery rate.
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task, which includes close attention to feedback and the associated internalized reward system, stimulates greater neuroplastic change above physical activity alone 15-18 is uncertain, but studies suggest that the increased liberation and synaptic effects of neurotrophins during combined cognitive processing and physical activity could be important. 45, 46 The important criterion that defines motor learning is not improved performance on the training task but improvement on a transfer task. 47 Indeed, the findings of improved dorsiflexion during gait as well as the improved ankle tracking in an altered environment (inside the MR scanner) in the track group, but not in the move group, indicate that the telerehabilitation tracking training was effective in promoting motor learning.
Our gait measurements assessed functions critical for predicting tripping potential 27,28 and improvement of energy expenditure 29 -32 in people with stroke. Tripping potential is embedded within the ankle DF and toe clearance data, with both exhibiting improvements in the track group. Additionally, as increased toe clearance variance can predict falls in elderly adults, 28 the significant decrease in variance found here in the track group suggests this group could be safer walkers. Energy expenditure is embedded within the temporal symmetry of gait, with symmetric gait patterns (ie, GTSRs approaching 1.0) being more energy efficient. 30 Decreases in GTSR toward 1.0 were observed for both the track and move groups, suggesting decreased energy expenditure after engaging in both forms of training.
We did not observe improved walking speed, which is contrary to the findings of Mirelman and colleagues. 10, 11 They showed that improved walking speed could be accomplished in people with stroke with clinic-based virtual reality training of ankle movements in all planes. Their results suggest that for the next generation of telerehabilitation software and hardware, it may be beneficial to add tracking training in multiple ankle movement directions, rather than DF/PF only, to achieve even further gains marked by increased walking speed. Their results also invite further applications of virtual reality for the lower limb, beyond that of Holden et al 5 for the upper limb, into telerehabilitation. Finally, with our low number of participants per group, our study was underpowered, and future studies would benefit from having more participants.
We believe that telerehabilitation offers a valuable method for promoting further recovery from stroke. Our earlier telerehabilitation study, which also involved track versus move groups, but using the paretic index finger, 4 did not produce a clear advantage in the track group. However, the training in that study lasted only 2 weeks, compared with 4 weeks here, and so dosage of training likely is an important factor. This finding highlights a potentially important advantage of telerehabilitation. It avails extended training time so that a large number of movement repetitions, considered to be crucial for cortical reorganization, 48 can occur. Because of health care economics and the declining length of inpatient rehabilitation stay, 1 alternative forms of rehabilitation, including telerehabilitation, may become increasingly important to approach the dosage of training needed to promote neuroplasticity and a higher level of recovery. In this way, we do not envision telerehabilitation as a replacement for the hands-on interaction between patients and therapists so crucial for establishing trust, motivation, and guidance of therapy early on. Rather, it is envisioned as therapy at a less dependent stage in the recovery process that continues to emphasizes repetitive movements and cognitive processing, but with only periodic rather than continual therapist guidance and at a location, intensity, and schedule selected by the patients themselves. As the advancement of communication technology continues to accelerate, as the need for cost containment in health care economics continues to deepen, and as evidence continues to mount that recovery of function can occur even in the chronic stages of stroke, telerehabilitation offers hope for continued progress.
Conclusion
These results suggest that telerehabilitation emphasizing complex task training with the paretic limb can be effective in promoting brain reorganization and further recovery in people with chronic stroke. Further trials on a larger scale are needed to determine the cost, effectiveness, and the duration of retention of benefits associated with telerehabilitation.
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